AND GREAT MINDS
DONT THIMK ALIKE.
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Innovating Innovation
(Now There’'s a Good Idea)

Hratch G. Semerjian
Acting Director, NIST

Bucknell University
March 29, 2005
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Innovation In The News ...

“Innovation will be the single most important
factor in determining America’s success through
the 21st century.”

Report of the “National Innovation Initiative”,
Council on Competitiveness
December 2004

“We conclude that although the United States
still leads the world in research and discovery,
our advantage is eroding rapidly as other
countries commit significant resources to
enhance their own innovative capabilities.”

Task Force on the Future of American Innovation
February, 2005
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. Innovation In The News

“The balance of innovation has begun to tilt
eastward, as China and India start taking their
own products to market. For the first time, other
nations are about to produce more U.S. patents
per year than the United States.”

Craig R. Barrett, CEO of Intel
USA Today, Feb. 24, 2005

“INNOVATION IS A GLOBAL PHENOMENON
AND THE FUTURE IS UP FOR GRABS ...
Our nation’s technological and economic
leadership cannot be taken for granted.”

TechNet Innovation Initiative
March 2005
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We are not alone!

Business Life

FT SERIES: REFORMING EUROPE PROTECTING IDEAS

Europe lacks vision on innovation

Intellectual property righs, especially over software development, remai o thomy legal issue for Brussels,
gnthn Euwopean Union's = — =
ive ¢ T

53y Bob Sherwood and Nikk Tait

T

Infighting, than al
Droperty protection, -

It 15 an aga-glq criticism ~
Which many insist st holds

more prone to politieal
3 intellectn; FINANCIAL TIMES MONDAY MARCH 21 2005 *k

Anal | it

FT SERIES: REFORMING EUROPE RESEARCH AND DEVELOPMENT

A mountain to climb: Brussels is trying
to improve the results from Innovation

Assessing the state of European competitiveness, Ralph Atkins and George Parker examine
efforts to boost innovation and create better links between scientists and suppliers of capital

ver since the collapse of that the US was falling behind in math. always obvious, In Hungary, a piblic

LOMmMuUNism in eastern Europe, ematics and scienca and needed to  argument has erupted over the jssue,

Tamds Ladoméry hags Wworked  boost spending on basie research, In the imposing 1sth-century Budapest

with colleagues to build Up his  None of this makes any easier the building that houses the Hungarian
company, Diatron, which manufactures task of raising the EU Average, how-  Academy of Sciences on the banks of
blood cell coanters in Hungary, Part of - ever. In the private sector, R&D spend- the Danube river, Norbart Kroo, sec-
the Ewropean Union sinee last ¥ear. ing decisions will depend on commer. retary-general, angues that the “woaiie
Tactng stilf competition from the US cial fartare — oo mn o1 .
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“When it gets down to it — talking trade balances here
— once we’'ve brain-drained all our technology into
other countries, once things have evened out, they're
making cars in Bolivi microwave ovens in
Tadzhikistan and s e —once our edge in
natural resources irrelevant by giant
Hong Kong ships and dirigib at can ship North
Dakota all the way to New for a nickel — once
the Invisible Hand ha all those historical
inequities and smeared @8em out into a broad global
layer of what a Pakistarii“brickmaker would consider
to be prosperity — y’ what? There’s only four
things we do better th one else

music

movies

microcode (software)

high-speed pizza delivery

Snow Crash
Neal Stephenson
1992
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. A history of .
|- -~ lAnovation
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Technological Innovation and Growth

Economic studies over several decades have shown that:

1.

Technology accounts for one-half of output (GDP) growth in all
industrialized nations (except Canada).

Technology accounts for three-quarters of productivity growth.

The increase in U.S. productivity growth that began in the mid-
1990s is entirely due to technology investments.

The productivity advantage of the U.S. economy over other
OECD countries accounts for three-quarters of the per capita
iIncome gap.

The rate of return to basic science is about three times that for
applied R&D, which, in turn, has twice the return on physical
capital.
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A High-Tech Economy
The most high-tech segments of the U.S.
economy...
 Electronics
« Pharmaceuticals
« Communication services
» Software and computer-related services

... Account for 7 to 10 percent of our Gross
Domestic Product.
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Radical Innovation Yields
Disproportionate Profit Impact

The S

Business

Launches

Revenue Impa
Profit Impact ~ 39% T

Me-too or incremental | Improvement: s6:. 62

VValue or radical innovation :

copyright Kim &
Mauborgne
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High-Tech Contribution to Trade
Balance

Cumulative 1.5, Trade Balance, 1990-2003

Advanced
Technology All Goods
Products

$243 billion
-53.4 trillion
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Flat Funding for Physical Science R&D

- Life Scis.

$20 / —=— Engineering

/ - Physical Scis.
$15 @ Env. Scis.
/ —=— Math / Comp.
Scis.
$10 . .

Social Sciences

- Psychology

$5 Other *

=== . Data compiled by the

a a
SO it b

1970 1975 1980 1985 1990 1995 2000 /‘Merican Physical Society

- . ‘I
I

Trends in Federal Research by Discipline,
FY 1970-2001

obligations in billions of constant FY 2002 dollars




and Long-Term Decline

Federal R&D As a Percentage of U.S. GDP
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SOURCE: National Science Foundation. Science and Enaineerina Indicators 2000
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National Science Foundation
Funding Rates

Funding Rate, NSF Research Grants

35,000
30,000
25,000 B errcriaLs
20,000 || | . . || || B
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Other Countries Are Also Building
S&T Infrastructure

250%

150% //
o /dpwﬁ’/

-50%
[ Country & 2001 value |

Percentage change since 1995

—&o— China 51718 Singapore 1808
= |srael 6046 Finland 4221
Russia 11665 == Taiwan 9767
— Korea 19721 Ireland 12353
—e— United States 246187 Germany 48518
—t—Japan 93007 Compiled by the APS Office of Public Affairs.
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S&T Education: U.S. Lags

Millions of First Degrees Conferred

7,000,000
6,000,000
All Degrees
5,000,000
Ecie_n:}e &
4,000,000 'l Dogroos
3,000,000 |
2,000,000
1,000,000 -
0 |
\\ ReOC
1013\1
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Students See No Future in Engineering

BACHELOR'S DEGREES
Awarded by Institutions of Higher Learning

W Electrical Engineering
o,

W N

e
. e

15000

10000 S -

5000 »__ - _ A

0 Parks, Recreation, Leisure & Fithess
86 87 88 89 90 91 92 93 94 95 96 97 98

Slide courtesy of Kathie Olsen, NASA, by way of ASTRA
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U.S. Graduate Schools:
Foreign Students Outnumber U.S. Students

= U.S.Students == Foreign Students

90,000
_E .
ja¥}
n
z
3
S 30,000 -
7z
0
1980 1984 1988 1992 1996 2000

Source: National Science Foundation, Graduate Students and Postdoctorates in Science and Engineering:
Fall 2001, Tables 8-9.
Compiled by the APS Office of Public Affairs.
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More and More Foreign PhD Students
Are Staying Home

(1986 - 1999)
Chinese South Korean Taiwanese
— Chinese Universities — South Korean Universities — Taiwanese Unmiversities
— U.5. Universities — U.5. Universities — U.5. Universities

Source: National Science Foundation, Science and Engineering Indicators 2002, Appendix Table 2-41.
Adapted from Diana Hicks, “Asian countries strengthen their research,” Issues in Science and Technology, Summer 2004
Compiled by the APS Office of Public Affairs.
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Science & Engineering Articles:
Losing Market Share

— United States — Western Europe — Asia 1988 Other.
20%

g
g

ia
11%

Total S&E Articles
5
g

:
:

US.
31%

:

I
\ |l

u L
1988 1990 1992 1994 1996 1998 2000

B

E
uro
3%

Source: National Science Foundation, Science and Engineering Indicators 2004. Appendix Table 5-35.
Compiled by the APS Office of Public Affairs.
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U.S. Patent Applications

1,000
@ United States
A Other Established Economies

” B Fastest Growing Economies
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Source: National Science Foundation, Science and Engineering Indicators 2004, Appendix Table 6-11.
Compiled by the APS Office of Public Affairs
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Total R&D Investments

1000

# United States

B Fastest Growing Economies

M Fastest Growing Economies:
China, Ireland, Israel, Singapore,

South Korea, Taiwan

100

(India and Hong Kong data not

/-/l available)

\

Total Public and Private R&D Expenditures
(Billions of 1995 PPP Dollars, Logarithmic Scale)

10 : t t t t t
1993 1997 1999 2001 2003 2003 2007

Source: Organisation for Economic Cooperation and Development, Main Science and Technology Indicators, May 2003.
Compiled by the APS Otfice of Public Aftairs
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High-Tech Industrial Output

10,000

@ United States
B China

High-tech industry includes

ACTrospace, CO]fl'lp‘thEIS and

office machinery;

communications equipment;

pharmaceuticals ; and

medical, precision and

100

___,..f‘ optical instruments.
10 : t t e t — t t t
1989 1991 1993 1695 1997 1999 2001 2003 2005 2007

High-Tech Industry Gross OQutput
(Billions of 1997 U.S. dollars, Logarithmic Scale)

Source: National Science Foundation, Science and Engineering Indicators 2004, Appendix Table 6-1.
Compiled by the APS Oftice of Public Atfairs
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Bottom line: “Innovate or abdicate”

“... we live in a competitive world ... We shouldn't take our
preeminence as the world's greatest economy for granted.
We've constantly got to make sure the economic
environment here is strong. We've got to make sure that

we're innovative.”

President G.W. Bush (April 5, 2004)
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A National Innovation Policy

e Supporting Innovation through R&D

e Manufacturing

e Stimulating Private Investment in R&D
 Protecting Intellectual Property

» Measurements and Standards
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A National Innovation Policy

e Supporting Innovation through R&D
e Manufacturing

e Stimulating Private Investment in R&D
 Protecting Intellectual Property

» Measurements and Standards
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Federal R&D Budget Increasing...
. even in atough budget climate

Federal R&D Spending
(Outlays in billions, constant 2000 dollars)
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Non-Defense R&D Down Slightly ...
...but Still High by Historic Standards

Non-Defense Federal R&D Spending
(Outlays in billions, constant 2000 dollars)
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A National Innovation Policy

e Supporting Innovation through R&D

« Manufacturing

e Stimulating Private Investment in R&D
 Protecting Intellectual Property

» Measurements and Standards
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A National Innovation Policy

e Supporting Innovation through R&D

e Manufacturing

e Stimulating Private Investment in R&D
 Protecting Intellectual Property

» Measurements and Standards
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A National Innovation Policy

e Supporting Innovation through R&D

e Manufacturing

e Stimulating Private Investment in R&D
e Protecting Intellectual Property

» Measurements and Standards
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A National Innovation Policy

e Supporting Innovation through R&D

e Manufacturing

e Stimulating Private Investment in R&D
 Protecting Intellectual Property

e Measurements and Standards
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NIST — Cornerstone of U.S.
Innovatron Infrastructure

?‘

.j

“lean manufacturing” of automobile
plastics manufacturing
= = interoperability

semiconductor
electronics

fuel cell

pharmaceuticals chemicals technology healthcare
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Innovation in Measurement - The Volt

Single electron

10 V Josephson

Silver Voltmeter  Voltage Standard
Standard —
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Innovation In Measurement - The Meter

1889 - Platinum iridium
meter bar

1960 — Krypton-86

Atomic-scale
Standards
#1983 — lodine
| stabilized

A He-Ne laser
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Innovation In Measurement - The Second

NBS Ammonia

Pendulum resonator
clock 1sin -
| 1sIn
1s in 3 years 300 years 6 million years
(1904 - (1949) (1993) NIST F1
T 1sin
_ _ 30 million years

Optical clock: (1999)

1s in 30 billion years (?)
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Innovation In Measurement - The Kilo

F = —0doz |

JJ} u\\\

Normal current
The Electronic Kilogram
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NIST enables innovation in...

milli electronics
vacuum tubes &
discrete transistors
1900 - 1960

copper, glass, barium,

germanium

First neon signs

National Institute of

500 nm

micro electronics
integrated circuits
1960 - 1990
Sificon, aluminum

s/ngle crystal silicon
critical dimension
artifact

—-'T"':

- i

.electronics

ETI sland

' /aET Leads

— 108nm

nano electronics
integrated circuits
1990 - 20xx
Silicon, coppetr,
exotic dielectrics,
single molecules, ...

NIST single electron
tunneling device
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NIST enables innovation in...
..nanotechnology

NanoElectronics:
manipulation of
paired electrons

KCI
Buffer

DNA Ciligomers

-

NanoBiotechnology:

DNA sequencing >__ - _<

through nanopores

NanoMetrology:

atomic scale

dimensional "% NanoMagnetics:

standard e By~ = 2 preces_smnal swm?h g
spin valve devices
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NIST enables innovation In...
..manufacturing

2004 Simulation technology for
manufacturing operations

(F XYY FREEF RN

l.ll’.'

v

YY1

20xX
Automated and optimized

assembly of single atom | -
constructions Testbeds Interoperability

‘and data exchange
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NIST enables innovation iIn.
...Information technology

 NST N
/ Security Configuratio
(CHECKLISTS

httph’ checklists.ni tgo

iImmersive visualization

Guided Data Capture

i E S Software

A Crypto Algorithm for the Twenty-first Century . . .

“Working closely with industry”

i

128 bit key:
95285ac3f244a6ef4a466h03d7af1275 o
b8f8e0db1f14c9d33e72d598f12al4fc NEI- Chemistry WebBook
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NIST enables innovation in...
...health science

NIST Standard Reference = - )
Material 2921 helps diagnose !HOTENH ‘“.‘“ s
heart attacks. i

Tissue Engineering:
Quantitative microscopy

e s | Verifies response of indicator
Baeies et cells.
Sogisase syl gsleniesiee
=.(3-.[:)=.i}-.5 :O..=(3={:J l:
(e m (e (e Han T (w-wery e

BROEROROERD) I:II: E):D.: -

Sy e | Standards for microarrays

ifoite, ST promise to bring order to
- gene expression profiling.

Affymetrix’s
GeneChip
microarray

Lm|
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NIST enables innovation in...
...public safety and security

Measurements and standards infrastructure that ensures the accuracy,
reliability, and security of systems critical to
public safety and homeland security

World Trade Center
Develop, compare, and test new technologies. Investigation
Enable safe and effective response to incidents.

gas mask
performance  biometrics
standards =

DNA
i¥standards

mail irradiation
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NIST enables the future...

by strengthening the innovation
Infrastructure to:

» advance manufacturing and
services

> facilitate trade

» enhance public safety &
security

» Improve guality of life
...and create jobs

Four atom
e qUantum
" entanglement

...through effective partnerships with
iIndustry, academia, and other
government agencies.
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Therestis up to you...

(...but we'll help!)
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